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The  Directorate  of  Civil  Works,  Office  of  the  Chief  of  Engineers, 
Department  of  the  Army,  is  sponsoring  the  test  program  described 
in  the  test  plan  presented  herein.  Fvmds  for  the  program  are  from 
two  soxirces,  i.e.  those  directly  allocated  to  the  U.  S.  Army  Engineer 
Waterways  Experiment  Station  (WES)  for  conduct  of  the  Aquatic  Plant 
Control  Research  Program,  suid  Department  of  the  Army  Appropriation 
No.  96x3123,  "Operations  and  Maintenance  General.”  The  latter  was 
provided  to  the  WES  through  the  U.  S.  Army  Engineer  Division,  South 
Atlantic,  and  the  U.  S.  Amy  Engineer  District,  Jacksonville. 

Messrs.  E.  E.  Addor  and  R.  F.  Theriot  of  the  Aquatic  Plant  Re- 
search Branch  (APRB),  Environmental  Systems  Division  (ESD),  Mobility 
and  Environmental  Systems  Laboratory  (MESL),  WES,  prep£U*ed  the  test 
plan  under  the  direct  supervision  of  Mr.  J.  L.  Decell,  Chief,  APRB,  and 
luder  the  general  supervision  of  Messrs.  W.  G.  Shockley,  Chief,  MESL, 
and  B.  0.  Benn,  Chief,  ESD. 

Acknowledgment  is  made  to  Messrs.  W.  N.  Rushing  and  M.  M.  Cul- 
pepper, APRB,  for  their  contributions  in  the  preparation  of  the  sections 
dealing  with  the  security  plan  and  the  control  trainsects. 

This  document  describes  the  plans  for  collecting  and  evaluating 
data  in  a Large-Scale  Operations  Management  Test  (LSCMT)  to  be  conducted 
on  Lake  Conway,  Florida,  using  the  white  amur  fish.  Mr.  Theriot  is 
project  manager  for  the  LSOMT.  Other  agencies  involved  with  the  study 
are  the  U.  S.  Department  of  Interior  Fish  and  Wildlife  Service,  Fish 
Farming  Experiment  Station,  Stuttgart,  Arkansas  (Agreement  No.  WES-76- 
11),  who  will  produce  the  white  amur  for  the  study;  the  Orange  County 
Pollution  Control  Depaurtment  (Contract  No.  DACW39-76-C-0084),  who  will 
monitor  water  quality  during  the  study;  the  Florida  Department  of 
Natural  Resources  (Contract  No.  DACW39-76-C-0083),  who  will  monitor 
the  aquatic  vegetation;  the  University  of  Florida  Department  of  Bn- 
vironswntal  Engineering  (Contract  Ho.  DACW39-76-C-0076),  who  will 
monitor  the  zooplankton,  phytoplankton,  periphyton,  and  benthic  organ- 
isms; the  University  of  Florida  Center  for  Wetlands  Research  (Contract 
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No.  DACW39-76-C~0019),  who  Is  developing  a simulation  model  of  the  Lake 
t Conway  aquatic  ecosystem;  and  the  Florida  Game  and  Freshwater  Fish 

Commission  (Contract  No.  DACW-39-76-C-0081) , who  will  monitor  the  fish, 
waterfowl,  and  aquatic  mammals  during  the  study. 

Directors  of  WES  during  the  preparation  of  this  test  plan  were 
{ COL  G.  M.  Hilt,  CE,  and  COL  J.  L.  Cannon,  CE.  Technical  Director  was 

Mr.  F.  R.  Brown. 
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Units  of  measurement  used  in  this  report  can  be  converted  as  follows: 


Multiply 


Inches 

feet 

miles  (U.  S.  statute) 

acres 

acre-feet 

gallons  (U.  S.  liquid) 
pounds  (meiss) 
tons  (short) 
parts  per  million 


metres 
kllcnetres 
sq^iare  metres 
Celsius  degrees 


To  Obtain 


U»  S«  Customary  to  Metric 

2.5U 

0.30U8 

1.60931*1* 

1*01*6.856 

1233.1*82 

O.OO3785U12 

0.1*535921* 

907.181*7 

1.0 

Metric  to  U.  S.  Customary 

3.280839 

0.6213711 

10.76391 

1.8 


centimetres 
metres 
kilometres 
square  metres 
cubic  feet 
cubic  metres 
kilograms 
kilograms 

milligrams  per  cubic 
metre 


feet 

miles  (U.  S.  statute) 
square  feet 
Fahrenheit  degrees* 


■) 


* To  obtain  Fahranheit  (P)  degrees  from  Celsius  readings,  use  the  fol- 
lowing feraula:  F ■ 1.8(C)  * 32. 
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TEST  PLAN  FOR  THE  LARGE-SCALE  OPERATIONS  MANAGEMENT  TEST 
OF  THE  USE  OF  THE  WHITE  AMUR  TO  CONTROL  AQUATIC  WEEDS 


1.0  INTRODUCTION 

1.1  Background 

1.1.1  The  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES) 
is  initiating  a Large-Scale  Operations  Management  Test  (LSOMT)  for 
introducing  the  white  amur  ( Ctenopharyngodon  Idella.  Cyprinldae)  fish 
into  a field-operational  environment  as  a test  of  its  effectiveness  for 
control  of  hydrilla  (Hydrllla  verticlllata  Royle).  an  obnoxio\is  aqviatlc 

plant  recently  Introduced  into  the  southeastern  United  States.  , 

1.1.2  The  white  amur  is  a fish  native  to  eastern  Asia  but  has  been 
introduced  into  various  other  parts  of  the  world  both  as  a food  fish  and 

• for  control  of  aquatic  plants.  Its  alternate  common  name,  "Asiim  grass 

■ carp,”  alludes  to  its  natural  preference  for  a vegetable  diet,  and  from 

' all  available  evidence,  including  experimental  pond  studies,  it  is 

i . exclusively  vegetarian.  It  is  a voracious  feeder,  and  in  tests  with 

t mixed  pleuit  species  in  closed  culture  ponds,  it  has  shown  a decided 

i‘  preference  for  hydrilla.  Hydrilla  is  a submerged  aquatic  plant  (grows 

rooted  to  the  bottom,  with  the  stems  remaining  under  water),  which  has 
I recently  been  Introduced  into  the  U.  S.,  and  is  presently  the  most 

obnoxious  submerged  aquatic  plant  in  many  of  the  ledces,  ponds,  and 
waterways  in  Florida,  extreme  southern  Louisiana,  and  southern  Texas 
(Figure  1.1.2). 

1.1.3  Though  the  white  amur  is  an  acceptable  food  fish,  and  re- 
portedly can  be  an  exciting  game  fish,  it  is,  nonetheless,  a carp  and 
exhibits  some  of  the  undesirable  behavioral  traits  of  other  carp  that 
have  been  introduced  and  naturalized  in  this  country.  In  particular,  it 
reproduces  abundantly  and  la  adaptable  to  a wide  range  of  habitats.  For 
this  reason  there  has  been  some  concern  about  its  introduction  into  the 
open  waters  of  this  country  for  fear  of  Its  displacing  other  currently 
favored  game  fish  through  space  liadtatlon  and,  especially,  habitat  de- 
struction. Its  introduction  in  saost  cases  has  been  carefully  controlled. 
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and  it  has  been  outlawed  in  several  states.  Other  states  allow  its 
introduction  under  stringent  controls  for  experimental  purposes. 

1.1. U Through  research  sponsored  by  the  U.  S.  Army  Corps  of  Engi- 
neers, under  the  Aquatic  Plant  Control  Research  Program  (APCRP),  per- 
sonnel at  the  U.  S.  Department  of  Interior  Fish  Farming  Experiment 
Station  at  Stuttgart,  Arkansas,  have  developed  a female  genotype  that 
produces  offspring  all  of  one  sex  (monosex),  so  that  a nonreproduct ive 
population  can  be  introduced  into  a test  area.  Hybridization  experi- 
ments have  demonstrated  that  these  monosex  genotypes  are  not  able  to 
hybridize  with  the  other  naturalized  carp  species.  Thus,  the  population 
of  the  white  amxir  in  a test  area  can  be  specified  and  controlled  at  the 
time  of  and  subsequent  to  introduction.  It  appears,  therefore,  that  the 
white  amur  is  a potential  plant  control  agent  that  is  ready  for  an  LSOWT 
for  the  control  of  hydrilla. 

1.1.5  An  LSOMT  is  defined  herein  as  a field  test  of  a proposed 
aquatic  plant  control  technique  conducted  on  a selected  large  area,  at  a 
scale  and  in  a manner  representative  of  a full-scale  field  operations 
activity.  The  teat  is  conducted  cooperatively  by  laboratory  basic 
research  personnel  and  field  operations  personnel,  and  its  purpose  is  to 
adapt  basic  laboratory  and  small-scale  research  res\ilts  to  the  field  and 
to  integrate  them  into  the  operations  program.  Such  an  LSOMT  differs 
from  a pure  experiment  both  in  scale  and  in  minimum  experimental  con- 
trols that  are  imposed  on  the  variables  that  may  affect  the  outcome  of 
the  experiment.  It  differs  from  a pure  operational  project  in  that  the 
resxilts  €ure  carefully  monitored  over  a period  of  time  to  determine, 
first,  whether  the  experimental  agent  (or  procedure)  is  in  fact  cost- 
effective  at  the  scale  of  field  operations,  given  the  test  environment; 
and  second,  whether  significemt  iindesirable  changes  may  occur  in  the 
test ‘area  ecosystem  as  a resvLLt  of  the  experimental  plant  control 
technique.  Presence  of  both  laboratory  and  operations  personnel  at  the 
test  area  assures  an  exchange  between  these  two  groups  of  ideas  and 
problem  requirements  (theoretical  and  practiced  constraints,  expecta- 
tions, euid  procedural  problems). 

1.2  Purpose  and  Scope.  The  LSOMT  is  designed  to  obtain  the  data 
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necessary  to  determine  the  feasibility  of  using  the  white  amur  as  an 
agent  for  the  control  and  maneigement  of  the  submersed  aqxiatic  weed 
hydrilla.  The  purpose  of  this  document  is  to  present  the  various 
provisions  necessary  for  stocking  the  fish  into  the  test  environment, 
collecting  the  required  data,  and  extrapolating  the  results  for  manage- 
ment use  at  the  operational  level. 

1.3  Rationale  and  Approach 

1.3.1  When  a proixjsed  technique  for  aquatic  plant  control  involves 
the  use  of  biologiceJ.  agents,  the  responses  of  the  ecosystem  (hereafter 
called,  simply,  system)  to  the  agents'  presence  must  be  determined. 
Although  this  is  true  regardless  of  the  technique,  it  is  especially  true 
for  biological  agents  because  of  their  reproductive  potential. 

1.3.2  In  viewing  the  white  amur  as  a possible  operational  tool  to 
control  aquatic  plants,  not  enough  is  known  on  which  to  base  a design  of 
an  operational  plan,  nor  are  sufficient  data  available  on  which  to  base 
an  assessment  of  the  effects  of  the  fish  on  various  components  of  the 
system.  The  system  responses,  along  with  stated  desired  long-term 
effects,  predicate  such  aspects  as  stocking  rates,  stocking  sizes, 
optimum  time  for  stocking,  and  inteirvals  for  restocking  if  necessary. 

To  determine  these  critical  rates  and  times,  it  is  necessary  first  to 
answer  several  obvious,  but  basic,  questions: 

1.3.21  What  is  the  effect  of  the  white  amur  on  hydrilla? 

1.3.211  How  do  we  measure  the  effect? 

1.3.212  Does  the  hydrilla  popxilation  stabilize? 

1.3.213  How  do  we  determine  the  proper  stocking  rate  of 
white  cuDur  to  maintain  the  desired  hydrilla  population  level? 

I.3.21U  How  do  we  maintain  a sufficient  stocking  rate  for 
this  stabilization? 

1.3.22  What  is  the  effect  of  white  amur  on  the  ecology  of  the 

lake? 

1.3. 221  Water  quality? 

1.3.222  Cfame  fish? 

1.3.223  Aquatic  macrophytes? 

I.3.22U  Zoo-  and  phytoplankton? 
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1.3. 223  Benthos  organisms? 

1.3.23  What  happens  to  the  white  amur  with  time? 

1.3.231  Numbers? 

1.3.232  Size? 

1.3.233  Biomass? 

I.3.23U  Dietary  habits? 

I.3.2U  What  are  the  operational  requirements  for  using  white 
amur  for  aquatic  plant  management? 

I.3.2UI  Spawning  and  raising  white  amur? 

I.3.2U2  Constraints  on  introduction — environmental, 
political,  climatic? 

1.3.2l*3  Factor  or  factors  that  should  be  monitored  so 
operators  will  know  what  they  must  do  to  maintain  the  system? 

I.3.2UU  Determination  of  the  restocking  time  Interval  and 
numbers  for  maintaining  sufficient  stocking  rate? 

I.3.2U5  Long-range  data  collection  requirements? 

I.3.2U6  Waters  that  are  amenable  to  plant  control  using 
the  white  amur? 

1.3.3  Following  the  above  rationale,  the  approach  was  to  design  an 
LSOMT  that  will  provide  the  necessary  data  and  resultant  relations 
to  answer  these  questions,  select  a test  site  that  will  meet  certain 
desired  basic  criteria,  and  conduct  the  test  over  a significantly  long 
period  of  time  that  will  allow  system  responses  to  stabilize. 

1.3.^  In  accordance  with  the  experimental  nature  of  the  LSOhCT,  and 
on  the  premise  that  collateral  effects  of  the  control  agent  may  be 
diverse  and  subtle,  but  significant,  a set  of  ecosystem  factors  were 
defined,  and  these  factors  will  be  monitored  throughout  the  test  period 
as  part  of  the  routine  data  collection,  regardless  of  whether  or  not 
there  is  prior  reason  to  believe  that  any  given  factor  of  the  set  will 
be  affected  by  the  selected  test  agent.  In  particular,  evez^  factor 
defined  in  the  set  will  be  monitored  whether  or  not  it  is  present  in  a 
given  place,  i.e.,  zero  is  a valid  value  for  any  defined  factor.  By 
definition,  any  plant  control  program  currently  being  conducted  on  the 
selected  site  will  be  considered  as  ah  existing  factor  and  will  be 


continued,  at  least  through  the  baseline  data  collection  phase  of  the 
LSOWT;  but,  thereafter,  such  a program  may  be  discontinued  or  modified 
and  treated  as  an  additional  experimental  variable. 

!.*♦  Definitions.  For  purposes  of  this  plan,  the  following  definitions 
will  apply. 

l.U.l  Baseline  conditions.  The  qualities  of  the  test  ecosystem  as 
represented  by  the  baseline  data. 

1.U.2  Baseline  data.  Accumulated  data  (including  factor  values  and 
narrative  descriptive  or  historical  information)  relating  to  the  quali- 
ties of  the  test  area  prior  to  introduction  of  the  test  agent  or  other 
experimental  activity. 

1.U.3  Factor . Any  identifiable  measurable  quality  of  the  experi- 
mental ecosystan,  for  example,  dissolved  oxygen,  water  turbidity,  plant 
population  density,  etc.  In  statistical  analyses  of  closely  controlled 
experiments,  these  are  called  the  "variables."  By  definition,  any 
qxiality  of  the  systan  resviltlng  from  any  established  routine  plant 
control  practices.  Including  use  of  chanlcals  or  mechanicELL  removal  of 
plants,  or  from  any  other  routine  cultural  treatments  of  the  test  area 
(e.g.  sewage  disposal)  is  considered  an  Identifiable  factor. 

l.U.U  Factor  family.  Any  arbitrary  collection  of  factors  that  are 
considered  together  (i.e.  for  measuranent,  description,  etc.)  because  of 
similarity  of  monitoring  techniques,  scientific  discipline,  or  other 
Interests . 

l.k.3  Factor  value.  Any  measured  or  specified  quantity  of  a factor, 
for  example,  5 ppni,  * 12  (units )/m‘^,  2U°C,  etc. 

1.U.6  Qualities  of  the  ecosystan.  A general  collective  term  to 
refer  to  both  the  factors  of  the  system  and  the  intensities  (levels)  or 
cyclic  variations  in  factor  values. 

1.5  The  Teat  Site 

1.5«1  In  accordance  with  the  field  operational  orientation  of  the 


* A table  of  factors  for  converting  U.  S.  customary  units  of  measure- 
ment to  metric  (SI)  units  emd  metric  (SI)  units  to  U.  S.  customary 
units  is  given  on  pag«  iv« 
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LSOMT,  selection  of  a test  site  was  constrained  by  only  two  qualifying 
criteria; 

1.5.11  First,  that  the  test  area  be  relatively  large,  so  as  to 
be  reasonably  in  scale  with  the  operational  requirements  of  the  eureas  in 
which  the  target  plant  species  exists  as  a general  problem;  otherwise, 
it  can  be  of  any  size,  shape,  or  location  consistent  with  feasible  use 
of  the  white  amur.  In  jMurticular,  any  area  considered  was  not  either 
deliberately  selected  nor  rejected  because  of  any  prior  existing  quali- 
ties, uses,  or  values,  except  for  the  quality  that  an  overgrowth  of 
aquatic  plants  currently  interferes  with  at  least  one  preferred  use  or 
value,  as  defined  by  the  public  users. 

1.5.12  Second,  that  the  test  area  constitute  a definable, 
relatively  closed  ecosystem,  such  that  the  Inflows  and  outflows  can  be 
reasonably  established,  and,  if  required  ly  1oc«lL,  state,  or  Federal 
regiHations,  controlled. 

1.5.2  The  site  selected  for  this  LSOMT  is  a ccanplex  of  snmll  natu- 
ral lakes,  here  collectively  referred  to  as  Ledte  Conway,  Just  south  of 
Orlando,  in  Orange  County,  Florida.  The  complex  (Figure  1.5.2)  com- 
prises three  contiguous  or  nearly  contiguous  ledies  designated  as  fol- 
lows: Lake  Gatlin;  Little  Lake  Conway,  with  two  compartments  called 
West  Pool  and  East  Pool;  and  Lake  Conway,  with  two  conq>artments  called 
Middle  Pool  and  South  Pool.  The  ccxnplex  lies  in  a simple  basin  with  a 
single  inlet  from  other  upstream  basins  and  a single  outlet,  both 
reasonably  well  defined. 

1.5.3  The  largest  pool.  Middle  Pool,  has  an  average  diameter  of 
about  1.2  miles,  and  the  entire  complex  is  contained  within  an  area  of 
about  1.9  by  2.8  miles.  The  total  water-surface  area  of  the  complex  at 
normal  elevation  (8U.8  ft  above  mean  sea  level  (msl))  is  approximately 
1820  acres.  Seasonal  or  periodic  fluctuation  of  surface  elevation  is 
limited,  rarely  exceeding  2 or  3 ft. 

I.5.U  Information  on  depth  and  bottom  configuration  of  the  caiQ>lex 
is  at  present  limited.  From  available  data,  the  maximum  depth  appears 
to  be  approximately  35  f*.  at  a point  in  the  north  quadrant  of  Middle 
I\>ol.  About  one  fouirth  of  the  bottom  area  of  both  South  Pool  and 
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2.0  SECURITY  PLAN 

2.1  Background 

2.1.1  One  Important  aspect  of  this  LSOMP  from  both  scientific  and 
legal  standpoints  was  to  ensure  that  the  white  amur  introduced  would  be 
contained  within  the  study  lakes  for  the  duration  of  the  experiment. 

Permission  to  stock  the  lake  system  for  the  tests  was  granted  with  the 
agreement  that  an  acceptable  security  system  would  be  established  prior 
to  stocking.  This  portion  of  the  test  plan  describes  the  planning  and 
coordination  involved  in  identifying  an  acceptable  system,  the  location 
and  description  of  potential  escape  routes,  the  design  of  barriers,  a 

plan  for  periodicedly  assessing  the  integrity  of  the  barriers,  and  a ‘ 

plan  for  renovating  and  restocking  the  lake  system  in  the  unlikely  event 
that  such  drastic  measures  are  warranted. 

2.1.2  A meeting  was  held  in  Tallahassee,  Florida,  on  l6  December 
1975  at  the  offices  of  PG4FWFC,  attended  by  representatives  from  the 
Fisheries  Division  of  the  FG4FWFC,  the  Florida  Orange  County  Pollution 
Control  Department,  and  the  WES,  to  discuss  the  design  and  implementa- 
tion of  the  security  plan.  The  security  system  would  obviously  involve 
the  construction  of  adeqxiate  barriers  at  any  locations  that  would  be 
potential  escape  routes  for  the  fish.  During  the  discussions,  a pre- 
liminary or  example  barrier  system  design  was  presented  by  the  FG&FWFC, 
with  the  suggestion  that  the  WES  proceed  with  the  design  of  the  system. 

It  was  emphasized  that  the  examples  and  s\iggestlons  presented  by  the 
FG&FWFC  at  this  meeting  were  .to  be  construed  as  guidelines  and  that 
final  design  details  would  depend  on  such  things  as  size  of  white  amur 
introduced,  analysis  of  water  flows  at  control  structures,  and  cost. 

It  was  agreed  that  final  plans  and  designs  of  becrrlers  would  be  prepared 
by  the  WES  with  approval  by  PG4FWFC.  It  was  also  decided  that  construc- 
tion of  any  necessary  barriers  should  be  ccxnpleted  as  soon  as  possible 
so  that  any  problems  arising  as  a result  of  their  presence  could  be 
adequately  evaluated  and  corrected  prior  to  stocking.  Subsequent  to 
the  l6  December  meeting,  the  WES  personnel  visited  the  test  site,  in- 
spected and  docrmented  the  characteristics  of  possible  escape  routes, 
and  confirmed  the  locations  that  would  require  sane  type  of  barrier. 
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2.2  Physical  Features 

2.2.1  Location  and  description  of  stnictures  requiring  barriers. 
Based  on  an  Initial  reconnaissance  and  on  Information  available  at  that 
time,  it  appeared  that  two  pump  intakes,  two  inlet  structures,  and  one 
outlet  structure  through  which  fish  could  escape  might  require  barriers. 
After  careful  on-site  inspection  of  each  of  these  areas,  however,  it  was 
determined  that  the  two  pump  intakes  already  contained  adequate  barriers 
that  would  prevent  any  fish  from  escaping.  One  of  the  inlet  structures 
proved  not  to  be  an  inlet  at  all  and  thus  could  not  act  as  an  escape 
route.  As  a result  of  this  on-site  inspection,  it  was  determined  that 
structures  that  were  potential  escape  routes  requiring  barriers  were  the 
main  outlet  control  structure  for  the  Lake  Conway  system  under  Daetwyler 
Drive  and  an  inlet  cana^.  between  West  Pool  of  Little  Lake  Conway  and 
Lake  Jessamine.  In  addition,  a barrier  placed  at  the  outlet  structure 
of  Lake  Mare  Prairie  (also  called  Lake  Warren)  would  serve  as  a backup 
barrier.  The  locations  of  the  structures  are  designated  as  1,  2,  and  3, 
resi>ectively,  in  Figure  2.2.1. 

2.2.11  Structure  1,  the  main  concern,  is  an  outlet  consisting 
of  three  concrete  culverts  under  Daetwyler  Drive.  One  culvert  is  60  in. 
in  diameter  and  the  other  two  are  U6  in.,  as  shown  in  Figure  2.2.11, 
views  of  the  structure  from  the  upstream  side.  Fish  escaping  at  this 
location  could  easily  travel  to  Lake  Mare  Prairie  down  Boggy  Creek  to 
the  Lower  Lakes  Region  and  ultimately  to  Lake  Okeechobee.  For  this 
reason,  structure  3 on  Lake  Mare  Prairie  would  serve  as  a secondary 
barrier  along  this  route. 

2.2.12  Structure  2 is  a rectangular  concrete  culvert  under  the 
Seaboard  Coast  Line  Railroad  near  the  corner  of  Orange  Avenue  and  Ja- 
maica Street  and  measures  approximately  U by  6 ft.  This  ciilvert  is  in 
a small  canal  that  carries  overflow  from  Lake  Jessamine  into  Little 
Lake  Conway.  Figure  2.2.12  shows  views  of  the  structure  from  the  up- 
stream side. 

2.2.13  Structure  3 is  the  outlet  control  structure  for  Lake 
Mare  Prairie  and  the  secondary  baurrler  to  structiure  1 (paragraph  2.2.11). 
Figure  2.2.13  presents  views  of  the  structure  from  the  upstream  and 
downstream  aides. 


Figure  2.2.1  Locations  of  beurrier  structures 


a.  Front  view 


b.  Oblique  view 


Figure  2.2.11  Culverts  (structure  1)  xmder  Daetwyler  Drive 


Figure  2.2.13  Outlet  control  structure  (structure  3)  for 

Lake  Mare  Prairie 
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the  barriers  for  each  of  the  st^ctiores  are:  (a)  they  must  prevent 

passage  or  escape  of  the  smallest  white  amvir  introduced,  and  (b)  they 
must  not  significantly  restrict  water  flow  to  the  extent  that  flood 

control  is  affected.  Based  on  these  criteria  and  an  assumed  amiu:  stock- 

* 

ing  size  of  not  less  than  1 lb,  the  barrier  systems  to  be  constructed  at 
structures  1 and  2 will  each  consist  of  two  fences.  At  the  outlet 
structure  (l),  the  first  fence  will  serve  to  deflect  nnd  contain  debris 
that  would  be  of  a size  to  damage  the  second  fence  or  to  restrict  flow. 
In  addition,  this  fence  will  prevent  boats  from  coming  into  contact  with 
the  second  fence.  The  second  fence  will  serve  as  the  barrier  to  prevent 
passage  of  the  fish.  At  the  inlet  canal  between  Lake  Jessamine  and 
Little  Lake  Conway  (structure  2),  the  first  fence  will  mainly  serve  as 
a barrier  to  debris  and  the  second  fence  as  a fish  barrier.  The  first 
fences,  then,  are  Intended  to  prevent  or  greatly  minimize  the  possibil- 
ity of  damage  to  the  fish  barriers,  or  second  fences. 

2.2.21  Structure  1.  The  debris  fence  at  structure  1 will 
consist  of  10-ga\]ge  wire-mesh  fencing  with  2-in.  openings  attached  to 
U-  by  6-in.  treated  pilings  supported  with  U-  by  6-in.  angle  bracing. 

The  pilings  will  be  placed  on  10-ft  centers  (Figure  2.2.21).  The 
fence  will  extend  from  an  elevation  of  91  ft  msl  to  within  a few  inches 
of  the  lake  bottcxn  (approximate  elevation  of  77  ft  msl),  or  an  over£d.l 
height  of  approximately  lU  ft  in  the  center  portion  of  the  outlet 
channel,  and  will  gradually  decrease  as  the  fence  approaches  the  banks 
following  the  lake  bottom  contour.  In  addition  to  the  braced  pilings, 

2-  by  6-ln.  lateral  stringers  will  be  placed  between  the  pilings  on 
36-ln.  vertical  spacing  (detail  A of  Figvire  2.2.21).  These  stringers 
will  be  placed  with  the  2-in.  surface  facing  upstream  to  minimize  the 
interruption  of  the  normal  flow  and  will  provide  additional  surface 
for  connecting  the  wire  mesh.  The  fish  bcurrler  (second  fence)  will  be 
constructed  with  U-  by  6-ln.  treated  pilings  placed  on  lO-ft  centers 
and  2-  by  6-in.  lateral  stringers.  Wire  mesh,  10-gauge  with  l/2-in. 
openings,  will  extend  from  an  elevation  of  91  ft  msl  to  an  elevation 
of  approxiaiately  8U  ft,  or  an  approximate  overall  height  of  7 ft,  at 
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the  center  of  the  channel.  This  will  place  the  bottom  of  the  fence 
approximately  l8  in.  below  the  surface  of  the  channel  bottom.  The 
barrier  will  be  placed  flush  against  and  secured  to  the  existing  con- 
crete weir  (detail  B of  Figure  2.2.21). 

2.2.22  Structure  2.  The  barrier  system  to  be  constructed  at 

structure  2 will  consist  of  two  fences  that  incorporate  the  same  design 
as  the  fences  contructed  at  location  No.  1 with  one  exception:  The 

pilings  will  be  placed  on  5-1/2-ft  centers  (Figure  2.2.22)  to  ensure  a 
seciire  installation  in  the  sides  of  the  banks  eind  to  alleviate  the  need 
for  additional  bracing.  The  protective  fence  will  serve  to  prevent 
damage  from  debris  only,  as  there  is  no  boat  traffic  in  this  canal. 

2.2.23  Structure  3.  The  barrier  to  be  constructed  at  struc- 
ture 3 will  consist  of  a fish  barrier  only  (Figure  2.2.23)  and  will 
serve  as  a backup  system  to  the  barrier  at  structure  1 in  the  unlikely 
event  that  security  is  breached  at  that  point. 

2.2.3  Flow  considerations.  The  possibility  that  the  presence  of 
the  barrier  system  could  cause  problems  related  to  water  flow  was  in- 
vestigated. The  maximum  possible  flow  through  the  bau:rier  system  was 
compared  with  the  maximum  possible  flow  through  the  respective  culvert 
systems  at  structures  1 and  2.  Maximum  flow  was  determined  for  the 
barrier  systems  by  considering  open-chajmel  flow  conditions;  for  the 
culverts,  flow  calculations  were  based  on  pipe- flow  conditions.  For 
both,  the  calculations  were  based  on  a worst-case  condition  of  hydra\ilic 
bead.  Heads  of  6 and  10  ft  were  used  for  structures  1 and  2,  respec- 
tively. The  results  of  these  calculations  are: 

Maximum  Flow  Through  Maxlmiua  Flow  Throvigh 
Hydraulic  Existing  Culvert  Barrier  System 

Structure  Heeui,  ft  io5  gpd 10^  gpd 

16  6 1200 

2 10  870  2060 

Based  on  these  calculations  and  the  fact  that  the  worst-case  condition 
has  never  existed  in  the  Lake  Conway  system,  it  was  concluded  that  the 
presence  of  the  proposed  structures  will  not  Impede  flow  into  or  out  of 
the  Lake  Conway  system  such  that  maintenance  of  water  levels  will  be 
affected. 
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plan  view 

NOT  TO  SCALE 
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Figure  2.2.22  Barrier  system  at  the  inlet  canal  fron  Lake  Jessamine 

(structure  2) 


) 


Figure  2.2.23  Barrier  system  at  Lake  Mare  Prairie  (struct\ire  3) 


2.3  Monitoring.  Each  of  the  barrier  systems  to  be  constructed,  as  ) 

well  as  those  already  existing,  will  be  inspected  periodically  to 
ensure  that  each  system  remains  intact  and  to  clear  away  any  trash  and 
debris  that  may  have  collected  since  the  last  inspection.  These  inspec- 
tions will  take  place  twice  weekly  on  a regular  basis,  with  additional 
inspections  immediately  following  heavy  rains.  Scuba  divers  will  in- 
spect the  underwater  portion  of  all  fish-barrier  fences  monthly.  In  the 
event  of  a sustained  period  of  high  water  lasting  more  than  two  dc^s, 
the  scuba  divers  will-  inspect  the  submerged  portions  of  these  fences  at 
least  once  every  four  days  until  water  levels  subside  to  normal.  Adjust- 
ments in  this  schedule  may  be  necessary  prior  to  the  introduction  of  the 
white  amur  into  the  ladies,  as  a res\ilt  of  any  unforeseeable  problems 
that  may  arise  subsequent  to  barrier  construction.  Such  auljustments 
will  be  coordinated  with  all  agencies  concerned  with  the  study. 

2.U  Coordination  of  Corrective  Action  in  the  Event  Security  Is 
Breached.  The  purpose  of  the  security  system  is  to  prevent  escape, 
through  naturatl  pathways,  of  the  white  amur  that  will  be  stocked  for 
this  test.  Possible  escape  through  lUinatureQ.  pathways,  such  as  trans-  ^ 

porting  by  fishermen,  cauinot  be  positively  controlled.  For  example,  if 
a white  amur  is  discovered  downstream  of  the  Lake  Conway  system  and  no 
beu*rier  has  been  breached,  it  is  logical  to  assume  the  fish  was  trans- 
ported. Also,  the  fish  might  Just  as  well  have  come  from  another  lake 
previously  stocked  with  amur.  Short  of  permanently  identifying  each 
fish  stocked  for  this  test,  no  positive  conclusion  can  be  drawn  as  to 
the  origin  of  any  amur  found  in  an  unexpected  area  unless  the  security 
system  has  been  breached.  Since  corrective  action  may  have  to  be 
drastic,  specific  procedures  will  be  established  for  rapid  assembly  of 
test  participeuits  and  interested  persons  if  the  security  system  is 
breached.  At  such  an  assembly,  alternative  corrective  actions  will  be 
considered  by  ail  participants  prior  to  a final  decision  on  necessary 
actions.  The  most  drastic  corrective  action  would  be  the  complete 
renovation  and  restocking  of  the  lake  system.  For  this  reason,  imple- 
menting methods  and  costs  of  this  action  are  discussed  below. 

2.U.1  Rexiovatlon.  Renovation  is  here  defined  as  killing  every  fish 

) 
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of  every  species  of  every  size  in  the  lakes  to  positively  eliminate 
every  single  white  amur.  To  accomplish  this,  the  lakes  would  have  to  be 
treated  with  2-  to  3-ppm  rotenone  chemical.  This  treatment  would  re- 
quire approximately  8200  ged  of  chemical  based  on  l820  acres  of  water 
having  an  average  depth  of  6 ft  (10,920  acre-ft).  At  a current  price  of 
$15. 00/gal,  this  treatment  would  cost  $123,000.  Application  would 
require  12  people  and  6 boats  equipped  with  appropriate  pumps  and  ap- 
purtenant hardware.  The  entire  Lake  Conway  system  could  be  treated  in 
1 day. 

2.U.11  It  has  been  estimated  that  the  Lake  Conway  system  con- 
tains an  average  of  450  to  500  lb  of  fish  per  acre.  Renovation  would 
yield  an  estimated  819,000  to  910,000  lb  of  dead  fish.  Physical  removal 
of  this  qxiantity  of  dead  fish  is  considered  to  be  the  major  problem  in 
renovation;  it  would  have  to  be  accomplished  within  2 days  after  chemical 
treatment.  This  would  require  removal  of  225  tons/day,  and  the  opera- 
tion could  be  efficiently  carried  out  only  dviring  daylight  hours. 

Leaving  the  fish  in  the  lakes  to  decay  and  sink  is  not  considered  to  be 
an  acceptable  alternative  to  physiced.  removal,  since  complete  decay  and 
sinking  of  the  fish  would  not  be  complete  for  approximately  12  days. 

2.4.2  Restocking.  In  the  event  that  renovation  is  necessary, 
standard  procedures  presently  used  by  the  FG4FWFC  coxild  be  followed  for 
restocking.  This  would  require  the  stocking  of  150  bass  and  500  pan 
fish  fingerlings  per  acre.  Pan  fish  is  an  equal  mixture  of  bream  and 
shell  crackers.  Bass  would  be  stocked  in  the  spring  and  pan  fish  in  the 
fall.  At  present  (1976)  this  process  costs  approximately  $30/acre, 
or  approximately  $5^,000  for  the  Lake  Conway  system. 
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3.0  STOCKIMG  PUM 

3.1  Baclotround 

3.1.1  Since  the  long-term  effects  of  a viable  white  amur  population 
on  a U.  S.  aquatic  ecosystem  have  not  yet  been  determined,  an  all- 
female  population  will  be  introduced  into  the  test  area  as  a precaution 
against  the  establishment  of  a permanent  population*  that  may  escape  and 
spread  to  other  water  bodies.  Since  very  few  of  the  monosex  fish  exist, 
a spawning  and  rearing  program  was  initiated  hy  the  WES  to  be  carried 
out  by  the  personnel  at  the  facilities  of  the  U.  S.  Department  of  In- 
terior (USDI)  Fish  Faming  Experiment  Station  at  Stuttgart,  Arkansas. 
Plans  have  been  made  to  spawn  and  rear  a monosex  population  of  white 
amur  for  the  LSO^fT  on  Lake  Conway.  It  is  possible  that  as  few  as  12,000 
fish  will  be  sufficient  to  obtain  the  level  of  control  compatible  with 
the  major  uses  of  the  test  area,  i.e.  boating,  skiing,  swimming,  fishing, 
and  aesthetics.  It  is  emphasized  that  control  does  not  mean  complete 
eradication  of  one  or  more  weed  species,  but  only  the  reduction  and 
maintenance  of  the  plant  biomass  such  that  it  enhances  or  at  least  does 
not  detract  from  the  constructive  uses  of  the  water  body.  Plant  biomass 
equilibrium  is  a goal  that  can  only  be  reached  within  relatively  broeul 
limits  because  of  the  growth  dynamics  of  both  the  control  agent  and  the 
weed  population.  It  is  anticipated  that  control  can  be  effected  at  Lake 
Conway  in  3 to  5 years  without  danger  of  removing  so  much  vegetation 
that  the  ecosystem  will  become  unbalanced. 

3.1.2  This  part  of  the  test  plan  discusses  bow  the  number  of  fish 
to  be  introduced  will  be  determined,  the  techniques  used  in  spa%mlng  and 
rearing  the  fish,  cuid  how  the  fish  will  be  transported  to  the  test  site 
and  released.  The  location  and  characteristics  of  the  release  points  at 
the  various  pools  are  also  discussed.  Finally,  a short  discussion  on 
marking  the  fish  for  subsequent  monitoring  is  presented. 

3.2  Stocking  Rates  and  Schedule 

3.2.1  In  addition  to  considering  the  lake  system  as  a total  water 
body,  each  of  the  five  pools  that  comprise  the  Lake  Conway  system  will 

* Assuming  no  reproduction,  the  life  spcm  of  the  population  of  the 
white  amur  is  estimated  to  be  from  12  to  13  years. 
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be  considered  separately  for  stocking  purposes.  The  total  submersed 
vegetation  (standing  crop)  existing  In  each  pool,  as  well  as  the  time 
selected  (elapsed  time  from  the  date  of  stocking)  for  achieving  control, 
will  determine  the  Individual  stocking  rates  regardless  of  surface  acres 
of  water  Involved.  Standing  crop  of  all  plant  species  sampled  will  be 
measured  monthly  (Work  Unit  G,  paragraph  U.2.8)  prior  to  stocking  the 
test  site.  These  values  in  association  with  results  obtained  from  the 
stocking  model  (paragraph  6.2.2)  will  be  used  to  determine  the  total  num- 
ber and  size  of  fish*  needed  to  stock  each  of  the  pools  in  the  test  site. 

3.2.2  Because  spawning  and  reeu-ing  monosex  white  amur  in  the  num- 
bers desired  have  never  been  done  before,  it  is  conceivable  that  suf- 
ficient fish  to  properly  stock  the  entire  Ledce  Conway  complex  will  not 
be  available  at  the  desired  stocking  time.  If  the  total  number  of  fish 
required  exceeds  the  totiQ  available  fish,  a decision  will  be  made  as  to 
which  one  of  two  optional  stocking  plans  will  be  exercised..  The  first 
plan  considers  the  l«dce  complex  as  a single  water  body,  emd  the  stocking 
will  be  achieved  by  time-spaced  Increments.  The  decision  to  exercise 
this  option  would  have  to  consider  the  short-term  future  availability  of 
additional  fish  for  the  supplemental  stockings.  The  second  plan  con- 
siders each  pool  as  a separate  lake,  and  the  available  fish  will  be  used 
to  stock  selected  pools,  with  the  stocking  of  the  other  pools  to  be 
delayed  until  sufficient  monosex  fish  are  available  to  stock  in  accor- 
dance with  the  requirements  to  achieve  the  desired  control.  In  this 
latter  case,  it  may  be  desirable  to  erect  some  type  of  barrier  between 
the  lake  pools  to  ensure  control  of  the  stocking  rate.  Because  of  the 
recreational  activities  in  the  Lake  Conway  complex,  only  a very  limited 
number  of  tyi>e8  of  fish  beurriers  co\ild  be  used.  These  are  presently 
being  evalxiated.  The  WES  personnel  will  be  responsible  for  determining 
the  stocking  rate  as  veil  as  the  date  for  introduction.  The  tentative 
date  for  the  first  introduction  of  the  fish  Is  during  the  period  March- 
Aprll  1977 • This  date  was  chosen  because  it  is  more  advantageous  to 

* The  1-lb  minimum  stocking  size  was  selected  to  reduce  the  amount  of 
predation  that  would  occur.  It  is  expected  that,  at  this  weight,  less 
than  10  percent  of  the  population  will  be  lost  to  predation. 
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( transport  and  handle  the  fish  in  cool  weather.  Also,  the  target  weed 

(Hydrilla  verticillata  Royle)  is  acquiescent  in  the  winter  season. 

3.3  Spawning  and  Rearing.  The  spawning  and  rearing  of  the  monosex 
I population  of  white  amur  is  the  responsibility  of  the  USDI  Fish  Farming 

; Experiment  Station,  Stuttgart,  Arkansas  (paragraph  3.1.1).  A brief 

I discussion  of  this  activity  follows. 

3.3.1  Spawning.  The  spawning  technique  being  used  to  produce  the 
monosex  population  of  white  amur  for  the  LSCKT  is  artificial  gyno- 
genesis.*  Spawning  was  conducted  in  May  and  June  1976,  since  that  is 
the  time  of  year  the  mature  females  beccane  gravid.  The  gravid  females 
were  induced  to  ovulate  by  hormone  injections.  Approximately  50  hr 
after  the  first  hormone  injection,  the  eggs  were  hand-stripped  from  the 

I females  and  were  fertilized.  The  fertilized  eggs  were  then  treated  with 

a 2°C  cold  shock  for  10  min.  This  procedure  increases  the  number  of 
diploid  gynogenetic  offspring.  Following  the  cold  shock,  the  eggs  were 
placed  in  hatching  Jars  and  hatching  occurred  from  26  to  32  hr  later. 

i 

The  newly  hatched  fry  were  then  placed  in  holding  teuiks  and  fed  a diet 
1 ( ( of  live  brine  shrimp. 

3.3.2  Rearing.  Approximately  one  week  after  hatching,  the*  fry  were 
placed  in  1-acre  rearing  ponds  at  a rate  not  to  exceed  35*000  fry  per 
acre.  The  eight  ponds  available  at  the  Stuttgart  facility  provide  a 

j recuring  capacity  for  200,000  fry.  For  the  first  month,  the  fry  are  fed 

primarily  on  the  zooplankton  cmd  phytoplankton  available  in  the  fertile 
rearing  ponds.  As  the  fry  mature,  they  are  fed  daily  on  commercic^. 
minnow  meal.  Thirty  percent  suirvlval  of  approximately  1/2-lb  fish  is 
expected  by  1 October  1976.  At  that  time,  depending  on  size  cmd  general 
health  of  the  fish,  a decision  will  be  made  whether  or  not  to  diffuse 
the  population  to  reach  the  desired  minimum  stocking  size  of  1 lb  by 
March  1977.  The  general  health  and  growth  of  the  fish  are  monitored 
throughout  the  rearing  period. 

* For  a detailed  account  of  the  process  of  artificial  gynogenesis,  the 
reader  is  referred  to  Dr.  Jon  0.  Stanly's  report  entitled  "Production 
cf  Monosex  White  Amur  for  Aquatic  Plant  Control,"  Contract  Report  A- 
76-1,  Hovember  1976,  U.  8.  Army  Engineer  Waterways  Experiment  Sta- 
tion, CE,  Vicksburg,  Miss. 
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3.U  Transporting  and  Release 

3.U.1  Transporting.  A commercied.  fish  fanning  operator  will  be 
contracted  to  haul  the  white  amur  from  the  rearing  ponds  in  Stuttgart, 
Arkansas,  to  the  test  site  at  Lake  Conway,  Florida.  Prior  to  the  trans- 
port operation,  the  contractor  will  be  required  to  sutoit  a detailed 
operating  plan  to  the  WES  for  coordination  and  approval.  Pertinent  as- 
pects of  the  operation  are  presented  in  the  following  paragraphs. 

3.U.11  The  vehicle  used  to  transport  the  fish  to  Florida  will 
be  a compartmented  tank  truck  with  a carrying  capacity  of  15,000  lb  of 
fish.  It  will  be  equipped  with  a mechanical  water  circulator,  cooling, 
filtration,  and  aeration  system.  The  tank  truck  will  be  loaded  with 
wate'-  that  is  the  same  temperat\ire  as  the  water  in  \dilch  the  fish  are 
stored.  Once  the  fish  are  loaded,  they  will  be  tempered*  for  shipment, 
i.e.,  the  temperature  will  be  gradually  reduced  to  about  28°C  for  ship- 
ment. The  tznick  will  be  loaded  in  Stuttgcurt  in  the  afternoon  and  travel 
overnight,  arriving  at  a WES-designated  release  site  on  Lake  Conway  the 
next  day  (travel  time  approximately  20  hr).  Upon  arrival  at  the  release 
site,  load  mortality  will  be  estimated.  In  addition,  representative 
samples  of  the  fish  will  be  taken  (in  accordance  with  arrangements  made 
with  the  FG&FVFC)  to  the  Florida  State  Fish  Hatchery  at  Rich  Loam  to  be 
subsequently  observed  for  determination  of  long-range  mortality. 

3.U.2  Release.  If  stiff iclent  fish  are  available  to  stock  the  en- 
tire lake  system  at  one  time,  or  with  supplemental  stockings,  the  fish 
will  be  released  at  selected  locations  (section  3.^)  in  proportions 
that  take  into  account  the  weed  infestation  existing  in  each  respective 
pool,  in  an  effort  to  obtain  as  even  a dispersal  within  each  pool  as 
possible.  If  Individual  pools  are  to  be  successively  stocked,  the  WES 
will  designate  the  pools  and  the  order  in  which  they  will  be  stocked. 

If  the  access  ramps  to  any  of  the  stocking  sites  are  not  sufficiently 
strong  to  handle  the  load  of  the  large  tank  truck,  or  maneuvering  room 

* In  this  ease,  tssq>er  means  to  change  the  existing  temperature  of  the 
water  in  the  fish  tank  to  coincide  with  the  tesiperature  of  the  water 
at  each  of  the  introduction  sites.  This  is  done  to  prevent  death  of 
the  fish  caused  by  shock  due  to  a large  te^>erature  differential. 

The  usual  tempering  rate  of  the  white  amur  is  2°C/hr. 
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is  limited,  a short-bed  truck  fitted  with  a fish  transport  tank  will  be 
used  to  bring  the  fish  to  the  actual  release  point.  In  these  cases,  the 
fish  will  be  transferred  from  the  large  tank  truck  to  the  small  truck 
after  tempering. 

3.5  Release  Sites.  Several  access  sites  for  stocking  each  pool  have 
imdergone  preliminary  evaluation,  and  two  sites  in  each  pool  have  been 
chosen,  based  on  accessibility  auid  loading  capacity.  Figure  3.5*1  shows 
the  locations  of  these  sites;  a brief  description  of  each  site  is  given 
in  the  following  paragraphs.  The  odd-n\imbered  sites  are  considered 
primary  release  sites  for  their  respective  pools,  and  the  even-numbered 
sites  8u*e  secondary  release  sites. 

3.5.1  Lake  Gatlin 

3.5*11  Site  Ho.  1 (Lake  Catlln  Avenue  launch).  This  site  has 
an  unsurfaced  access  ramp  and  only  limited  maneuvering  area  near  the 
water's  edge.  Therefore,  its  use  will  be  restricted  to  small  transport 
trucks . 

3*5*12  Site  No.  2 (Harbor  Islauad  Drive  launch).  This  site  has 
a concrete-surfaced  access  ramp  but  is  not  sufficiently  reinforced  to 
withstand  the  weight  of  a large  tank  truck.  Having  only  a limited 
maneuvering  eurea,  its  use  will  also  be  restricted  to  small  transport 
tmcks. 

3.5*2  Little  Lake  Conway  West  Pool 

3*5*21  Site  Ho*  3 (Randolph  Street  launch)*  This  site  has  a 
reinforced  U-ln* -thick  concrete  ramp  strong  enough  to  support  the 
weight  of  a large  tank  truck*  There  is  also  adequate  maneuvering  area. 

3*5*22  Site  Ho*  U (Femcreek  Street  launch)*  This  site  has  an 
asphalt-surfaced  raiq>  in  very  poor  condition,  with  a very  limited  area 
for  maneuvering*  Its  use  will  be  restricted  to  small  trauisport  trucks. 

3*5*3  Little  Lake  Conway  East  Pool 

3*5*31  Site  Wo*  5 (Old  Dominion  Street  launch).  The  asphalt- 
surfaced rasp  of  this  site  will  not  withstand  the  weight  of  a large  tank 
tnick*  Although  there  is  adequate  room  for  maneuvering,  the  use  of  this 
site  will  be  restricted  to  small  transport  trucks* 

3*5*32  Site  Ho.  6 (Cullen  Lake  Shore  Drive  launch).  The 
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concrete-surfaced  ramp  at  this  site  Is  not  strong  enough  to  support  the 
velght  of  a large  tank  truck.  In  addition,  there  is  limited  area  for 
maneuvering;  therefore,  this  site  will  be  restricted  to  vise  by  small 
transport  trucks. 

3.5.*»  Lake  Conway  Middle  Pool 

3.5. *»1  Site  No.  7 (Venetian  Street  launch).  This  site  has  a 
reinforced  concrete  ramp,  which  is  considered  to  be  strong  enough  to 
support  the  weight  of  a large  tank  truck.  There  is,  however,  limited 
room  for  a large  truck  to  maneuver,  so  this  site  will  probably  be 
restricted  to  use  by  small  trucks. 

3. 5. ^2  Site  No.  8 (Orlando  Drive  launch).  The  ramp  at  this 
site  is  surfaced  with  concrete  but  is  not  strong  enough  to  withstand  the 
weight  of  a large  tank  truck.  Thus,  its  use  will  be  restricted  to  small 
trucks . 

3.5.5  Lake  Conway  South  Pool 

3.5.51  Site  No.  9 (Perkins  Street  launch).  This  site  has  a 
reinforced  concrete  ramp  of  sufficient  strength  to  support  the  weight 
of  a large  tank  truck.  There  is  ed.so  adequate  room  for  maneuvering. 

3.5.52  Site  No.  10  (Trentwood  Street  launch).  Although  this 
site  has  a concrete-surfaced  ramp,  it  is  not  strong  enough  to  withstand 
the  weight  of  a large  tank  truck.  There  is  also  limited  area  for 
maneuvering;  therefore,  its  use  will  be  restricted  to  small  trucks. 

3.6  Marking  of  Fish 

3.6.1  The  feasibility  of  marking  the  entire  white  amur  population 
to  be  stocked  into  Lake  Conway  is  still  being  evaluated.  There  are  two 
major  reasons  for  desiring  that  identifiable  groups  of  white  amur  be 
used  in  the  LSOMT.  First,  the  information  derived  from  the  data  col- 
lected on  retrieve!  marked  fish  would  aid  in  the  determination  of  feed- 
ing behavior,  fish  density,  degree  of  utilization  of  specific  aquatic 
plants  by  the  fish,  and  ideal  stocking  rates  in  impoundments.  Second, 
fish  captured  in  waters  surrounding  the  Lake  Conway  test  site  could  be 
posltiTSly  identified  as  to  whether  or  not  they  evre  meabers  of  the 
population  stocked  for  the  LSOMT. 

3.6.2  The  major  problem  associated  with  a mass  marking  program  for 
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the  Lake  Conway  LSOMT  Is  the  limited  time  available  to  develop  a reli- 
able marking  technique.  Various  flsh-marklng  techniques  are  being 
evaluated  for  possible  preliminary  testing.  Considerations  to  be 
euialyzed  In  the  evsJ.uatlon  are  permanency  of  marks,  possible  effects  on 
behavior  and  feeding  activities,  difficulty  and  cost  of  application,  and 
possible  reduced  survival  due  to  handling  during  the  marking  process. 

3.6.3  If  the  decision  is  made  to  mark  each  or  selected  individual 
fish  for  the  LSOMT,  the  fish  population  will  be  identified  by  five 
distinct  group  markings,  one  for  each  pool  in  the  study  area.  The 
number  of  fish  in  each  group  receiving  their  respective  marking  will  be 
determined  by  the  stocking  rate  necessary  for  each  pool  in  the  study 
area. 
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U.O  DATA  COLLECTION  PLAM 

*♦.1  Scheduling  and  Coordination 

The  scheduling  and  coordination  of  the  data  collection 
phases  of  the  LSOMT  are  arranged  and  maintained  by  the  WES  through  con- 
tracts and  conferences  with  the  test  participants.  Each  participant, 
as  a contractor,  is  required  as  part  of  the  contract  to  submit  to  the 
WES  a schedule  of  data  collection.  Upon  receipt  of  these  schedules,  the 
WES  then  meets,  when  necessary,  with  the  participants  to  generate  an 
^ overall  data  collection  schedule.  Fieldwork  is  coordinated  to  ensure 

minimal  interference  with  other  sampling  teams  and  minimal  influence  on 
other  factor  values.  Field  data  collection  is  performed  according  to 
the  coordinated  schedule.  As  a general  policy,  it  is  desired  that  every 
specified  factor  (paragraph  U.2.1)  be  measured  simultaneously  at  every 
I prescribed  control  data  station  (paragraph  **.3.3).  Obviously,  however, 

- such  policy  cannot  be  complied  with  infallibly;  therefore,  any  required 

; or  desired  deviation  from  the  agreed  upon  data  collection  schedule  is 

’ coordinated  with  the  WES.  This  coordination  is  provided  to  each 

? ^ contractor-participant  by  the  WES  to  ensure  accordance  with  test  re- 

I quirements  and  simultaneity  for  anticipated  correlation  analyses  to  be 

I performed  in  the  future. 

I U.1.2  Field  data  will  be  collected  on  the  test  area  for  at  least 

1 1 year  prior  to  the  introduction  of  the  fish.  These  data  will  be  used 

I to  establish  the  baseline  conditions  of  the  system  for  comparisons  with 

t, 

conditions  that  prevail  after  the  fish  are  introduced.  Monitoring  will 
then  continue  for  approximately  3 years  after  introduction  of  the  fish. 
All  data  and  narrative  reports  of  observations  will  be  submitted  to  the 
I WES  data  management  group  not  later  than  2 weeks  after  field  collection, 

i on  a form  or  in  a format  mutually  agreed  upon  by  the  WES  and  the  coop- 

erating agency  (psuragraph  5.2). 
j *».2  Data  to  be  Collected 

U.2.1  Designation  of  factor  families.  In  accordance  with  the 
rationale  set  forth  In  i>aragraph  1.3.U,  ecosystem  factors  relevant  to 
‘ any  LSOMT  have  been  identified  and  will  be  monitored  as  test  variables 

_ throughout  the  test  period  as  part  of  the  routine  data  collection 
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program.  These  factors  have  been  grouped  into  factor  families,  accord- 


ing  to  alliiuice  through  scientific  disciplines.  The  factor  families  are 
tabulated  below.  (The  letters  at  right  in  the  tabulation  identify  work 
units,  defined  according  to  similarities  of  the  measurement  techniques 
appropriate  to  the  various  factors  within  each  factor  family.  This 
assignment  of  factor  families  to  work  units  is  primarily  for  administra- 
wive  purposes.) 

Factor  Family 

Niimber 

Name 

Work  Unit 

Physical  Q\iallties 

1 

System  usage  and  veilues 

A 

2 

General  system  qmlities  (hydrography) 

A 

3 

General  site  qiialities  - (basin) 

A 

1» 

Meteorology 

B 

5 

Water  quality 

C 

6 

Sediment  quality 

C 

Biotic  Qualities 

7 

Zooplankton 

D 

8 

Phytoplankton 

D 

9 

Benthos  (include  crust€u:eans.  Insects, 

D 

amphibians ) 

10 

Periphyton 

D 

11 

Fish 

E 

12 

Mammals  (include  marsupials,  etc.) 

F 

13 

Waterfowl,  birds 

F 

lU 

Aquatic  (vascular)  plants 

G 

Speclfic  factors  to  be  monitored  in  each  work  unit  are  identified  in 
Table  U.2.1  (see  paragraph  U.2.9  for  a more  complete  explanation  of  this 
table).  The  purpose,  scope,  and  basic  procedural  requirements  for  each 
factor  family  assigned  to  work  units  are  contained  in  the  following 
paragraphs. 
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U.2.2  Work  Unit  A.  This  work  unit  covers  factor  families  1,  2,  and 

3. 

U.2.21  Purposes.  The  purposes  of  this  work  unit  are  to:  (a) 

describe  and  document  the  general  characteristics,  uses,  and  values  of 
the  Lake  Conway  aqtiatic  ecosystem;  (b)  identify  present  uses  emd  values 
that  may  be  affected  by  cheuiges  in  the  system  resulting  from  the  presence 
of  the  white  amur  fish;  auid  (c)  identify  places  in  the  system  that  may 
be  of  particular  Interest  by  reason  of  special  uses  or  outstcmding  val- 
ues, or  by  reason  of  unique  topography,  substrate,  circulation  patterns, 
or  the  like.  In  addition  to  its  use  in  the  LSQMT,  the  Information  is 
required  for  comparing  the  Lake  Conway  area  with  other  areas  in  which 
the  white  amur  may  be  considered  for  use  in  operational  applications. 

U.2.22  Scope  of  work.  The  work  being  done  under  this  work  unit 
consists  of  collecting  general  descriptive  data,  supplemental  to  specific 
environmental  data,  required  to  evaluate  the  impact  of  the  white  amur  on 
the  uses,  values,  and  qualities  of  the  ecosystem.  Monitoring  systmn 
responses  approximately  3 years  after  the  Introduction  of  the  fish  will 
provide  data  from  ^Ich  to  determine  effects  of  the  fish  on  uses  and 
values  and,  in  particular,  evaliiate  public  response  to  both  the  presence 
of  the  fish  and  to  any  changes  in  the  system  that  result  from  the  fish's 
activities. 

U.2.23  Factors  and  data  sources.  The  primary  sources  of  infor- 
mation for  this  work  unit  eire  inquiries  and  interviews  with  persons 
affiliated  with  various  public  agencies,  conservation  groups,  sports 
clubs,  etc.,  and  h/  examination  of  records  and  data  at  such  agencies  and 
organisations.  The  minimum  usage  and  basic  descriptive  Information 
(factors)  required  emd  their  data  sources  are  listed  in  Table  k.2.1. 

U.2.2U  Sampling.  Sampling  is  done  as  required. 

U.2.3  Work  Unit  B.  This  work  unit  covers  factor  faislly  U. 

U.2.31  Purposes . The  purposes  of  this  work  unit  are  to:  (a) 

monitor  and  document  meteorological  factors  in  the  LSOMT  area;  (b) 
identify  conditions  that  may  affect  water  quality,  circulation  patterns, 
exchange  rates,  etc.,  prior  to  and  after  Introduction  of  the  white  amur 
into  the  system;  and  (e)  provide  information  that  will  be  useful  for 


this  test  area  and  other  aureas  in  which  white  amur  may  he  considered  for 
use  in  operational  applications. 

k.2.32  Scope  of  work.  The  work  being  done  under  this  work  unit 
consists  of  collecting  generaJ.  descriptive  meteorological  (or  micro- 
meteorologicaJ.)  data,  using  standaurd  instruments  and  recording  devices. 
The  WES  selected  one  or  more  data  stations  that  reasonably  represent  the 
range  of  general  climatic  conditions  in  the  ecosystem.  Data  aure  col- 
lected at  each  station  according  to  a schedule  that  ens\ires  definition 
of  the  normaa  cycles  occurring  at  auay  given  station. 

I*. 2. 33  Factors  atnd  data  sotirces.  The  minimum  meteorological 
factors  monitored  are  the  following:  wind  speed,  wind  direction,  air 

temperature,  relative  humidity,  solar  radiation,  auid  perhaps  reflected 
radiation  (Table  U.2.1).  Any  or  aai  of  these  may  be  sampled  at  more 
than  one  level,  not  to  exceed  four  levels,  at  one  or  more  of  the  desig- 
nated sampling  stations.  Data,  particularly  rainfall  data,  will  «dso  be 
collected  from  all  weather  stations  or  other  off idea  weather  stations, 
within  the  ecosystem  watershed. 

U.2.3U  Sampling.  Weather  factors  will  be  sampled  by  continuous 
or  periodic  recorders,  at  least  at  one  station.  The  finea  schedule  is 
such  that  readings  eure  made  with  sufficient  frequency  to  determine  daily 
cycles  and  trends  for  each  season. 

k.2.k  Work  Unit  C.  This  work  unit  covers  factor  families  5 and  6. 

1».2.1*1  Purposes.  The  purposes  of  this  work  unit  are  to:  (a) 

monitor  and  document  water  quality  and  quality  of  bottom  sediments  in 
the  LSOKfT  area;  (b)  establish  baseline  levels  and  seasonal  cyclic  varia- 
tions in  selected  qxiality  factors  prior  to  Introduction  of  the  white 
amur;  and  (c)  follow  trends  after  introduction  of  the  fish. 

U.2.U2  Scope  of  work.  The  work  being  done  under  this  work 
unit  consists  of  collecting  data  required  to  evaluate  the  iiq>act  of  the 
idiite  amur  on  water  quality  and  quality  of  bottom  sediments  in  the 
ecosystem.  The  WES  has  selected  11  permanent  data  control  stations 
(paragraph  U.3.3)  that  will  reasonably  represent  the  range  of  general 
conditions  in  the  ecosystem.  The  location  of  data  collected  will  be 
referenced  to  these  control  stations  according  to  a schedule  and 


procedures  agreed  upon  by  the  WES  and  contracting  personnel. 

I4.2.U3  Factors  and  data  sources.  The  minlmuin  water  quality  and 
bott(»i  sediment  factors  being  monitored  and  their  data  sources  cure 
listed  in  Table  U.2.1.  Samples  are  obtained  at  the  water  surface  and  at 
1-m  depth  intervals  at  each  sample  station.  Factors  for  irtiich  incre- 
mental depth  samples  are  Inappropriate  are  tested  with  a column  sampler 
to  obtain  a composite  sample.  Samples  are  analyzed  according  to  pro- 
cedures outlined  in  either  Standard  Methods  for  the  Examination  of  Water 
and  Wastewater  (Thirteenth  Edition)  or  Methods  for  Chemical  Analysis  of 
Water  and  Wastes  (197*»),  or  in  accordance  with  procedures  mutually 
agreed  to  by  the  contractor  and  the  WES. 

U.2.UU  Sampling.  Sampling  is  done  at  least  monthly  for  all 
water-quality  factors  and  at  least  bimonthly  for  sediment-quality 
factors  at  each  sampling  station.  In  addition,  certain  selected  factors 
may  be  sampled  at  more  frequent  Intervals  (hourly,  etc.)  by  automatic 
recorders. 

U.2.5  Work  Unit  D.  This  work  unit  covers  factor  families  7.  8»  9, 
cuid  10. 

U.2.51  Purposes.  The  purposes  of  this  work  unit  are  to:  (a) 

monitor  and  document  zooplankton,  phytoplankton,  and  benthonic  organism 
populations  in  the  LSOMT  area;  (b)  establish  baseline  levels  and  trends 
prior  to  introduction  of  the  white  amur;  fuid  (c)  follow  trends  after 
introduction  of  the  fish. 

U.2.52  Scope  of  work.  The  work  being  done  consists  of  collect- 
ing data  required  to  evaluate  the  impact  of  the  irtiite  amur  on  popula- 
tions of  zooplankton,  phytoplankton,  suid  benthonic  organisms  in  the 
LSOMT  ecosystem.  The  WES,  in  cooperation  with  contractor  personnel, 
will  select  11  permanent  control  data  reference  stations  (paragraph 
U.3.3)  that  will  reasonably  represent  the  range  of  general  conditions 
in  the  ecosystem.  Data  being  collected  are  keyed  to  a reference  sta- 
tion according  to  a schedule  and  procedures  agreed  upon  by  the  WES  and 
contracting  personnel. 

4.2.53  Factor  and  data  sources.  The  factor  being  sampled 
relative  to  periphyton,  plankton,  and  benthonic  organisms  will  be  the 


number  of  individuals,  identified  by  species  or  species  complexes  (or 
other  taxonomic  or  life  form  groupings,  as  may  be  agreed  upon),  per 
unit  volume  of  water  or  bottom  sediment  (Table  I4.2.I).  For  plankton, 
the  counts  are  taken  from  bulk  samples,  or  other  standard  samples 
as  may  be  agreed  upon,  at  not  more  than  three  depths  at  each  of  the 
sampling  stations.  Benthonic  organisms  are  defined  to  include 
crustaceans,  other  arthropods,  amphibians,  and  similar  relatively 
small  bottom  dwellers,  which  will  be  sampled  according  to  established 
procedures.  Periphyton  is  defined  as  the  organisms  collectively 
that  grow  adherent  to  underwater  surfaces.  It  includes  both  plants 
(algae)  and  animals  (e.g.  rotifers,  etc.),  as  well  as  planarians, 
mollusks,  and  others  of  that  life  habit. 

*♦.2.5^  Sampling.  Plankton  are  sampled  at  each  station  at  1- 
month  intervals;  the  benthos  are  sampled  bimonthly. 

k,2.6  Work  Unit  E.  This  work  unit  covers  factor  family  11. 

U.2.61  Purposes.  The  piirposes  of  this  work  unit  are  to: 

(a)  monitor  and  document  fish  population  dynamics  in  the  LSOMT  area; 

(b)  establish  baseline  levels  and  trends  in  the  populations  of  game  fish 
in  the  system  prior  to  Introduction  of  the  white  amur;  and  (c)  observe 
trends  or  changes  in  the  populations  after  introduction  of  the  white 
ajsur* 

*♦.2.62  Scope  of  work.  The  work  being  done  under  this  work 
unit  consists  of  collecting  data  required  to  analyze  the  impact  of 
the  white  amur  on  other  fish  populations  in  the  syston.  In  particular, 
it  is  Important  to  eveLIuate  the  Interaction  between  the  introduced  white 
amur  and  those  other  fish  in  the  system  whose  value  for  game  or  aesthe- 
tics is  already  established.  It  is  assumed,  however,  that  various  other 
fish  that  have  no  identified  specicLl  value  (minnows  or  whatever)  con- 
tribute to  the  stability  or  general  function  of  the  system  and  are, 
therefore,  also  to  be  included  in  the  monitoring  program.  After  the 
white  amur  are  introduced  into  the  system,  they  will  be  monitored 
as  an  additional  component  of  the  total  fish  community. 

*».2.63  Factors  and  data  aourcea.  The  minlanai  factors  being 


monitored  in  relation  to  each  fish  species  and  their  data  soxirces  are 
listed  In  Table  U.2.1.  Population  will  be  estimated  and  behavior  will 
be  observed  according  to  steuidard  accepted  procediires.  Including 
trapping  or  hooking,  tagging,  etc.  Food  habits,  reproductive  activity, 
etc.,  are  determined  by  examination,  according  to  established  procedures 
or  procedures  agreed  on  by  the  WES  and  the  contractor.  Including  sacrl- 
flcal  procediires  when  appropriate. 

U.2.6U  Sampling.  Sampling  Is  done  at  least  monthly,  using 
Wegener  ring  and  seining.  Gill  netting  and  electrofishing  are  conducted 
quarterly,  and  block  net  samples  are  taken  semlatmually. 

U.2.7  Work  Unit  F.  This  vork  unit  covers  factor  families  12  and  13. 

U.2.71  Purposes.  The  purposes  of  this  work  unit  are  to:  (a) 

monitor  and  document  behavior  and  population  dynamics  of  the  higher 
animals  that  are  ecologically  associated  with  the  LSOMT  area;  (b) 
establish  baseline  levels  emd  trends  In  the  populations  and  their 
adaptation  to,  or  function  In,  the  ecosystem  prior  to  Introduction  of 
the  white  amur;  and  (c)  follow  the  trends  or  changes  In  the  popxilatlons 
after  Introduction  of  the  white  amur. 

U.2.72  Scope  of  work.  The  work  being  done  under  this  work  unit 
consists  of  collecting  data  required  to  evaluate  the  Impact  of  the  Intro- 
duced white  amur  population  on  populations  of  higher  animals  (mammals, 
marsupials,  and  the  various  birds)  associated  with  the  test  area  system. 
In  particular,  the  consequences  of  the  Introduced  white  amur  population 
on  populations  of  game  animals,  game  birds,  and  songbirds,  both  resident 
and  migratory,  must  be  determined.  It  is  assumed,  however,  that  mammals 
(hereinafter  defined  to  include  marsupials)  and  birds  not  otherwise 
valued  hy  humans  may  nonetheless  contribute  to  the  stability  or  general 
function  of  the  ecosystem  and  are,  therefore,  to  be  Included  In  the 
monitoring  program. 

k.2.73  Factors  and  date  sources.  The  minimum  factors  monitored 
In  relation  to  each  animal  emd  bird  species  and  their  data  sources  are 
listed  In  Table  U.2.1.  Population  will  be  estimated  euid  behavior  will 
be  observed  according  to  standard  accepted  procediures.  Including 
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I trapping,  tagging,  telemetry,  etc.,  or  procedures  agreed  upon  by  the  WES 

and  the  cont>*actor.  Including  sacrificial  examination  when  necessary. 

U.2.7^  Seunpling.  Sampling  is  done  at  least  monthly. 

U.2.8  Work  Unit  G.  This  work  unit  covers  factor  family  lU. 

U.2.81  Purposes . The  purposes  of  this  work  \uiit  are  to:  (a) 

monitor  and  document  aquatic  vascular  plant  populations  in  the  LSO^(^ 
area;  (b)  establish  baseline  levels  and  trends  in  the  populations  prior 
to  introduction  of  the  white  amur;  and  (c)  follow  trends  after  the 
introduction  of  the  fish. 

U.2.82  Scope  of  work.  The  work  being  done  under  this  work  unit 
consists  of  collecting  data  required  to  evaluate  the  impact  of  the  white 
amxir  on  the  aquatic  vegetation  of  the  ecosystem.  The  WES,  in  coopera- 
tion with  contractor  personnel,  will  select  11  permanent  control  data 
reference  stations  (paragraph  U.3.3)  that  will  reasonably  represent  the 
range  of  general  conditions  in  the  ecosystem.  Data  are  collected  at  each 
station  according  to  a schedule  and  procedures  agreed  upon  by  the  WES 
and  contracting  personnel. 

U.2.83  Factors  and  data  sources.  The  minimum  factors  monitored  ^ 

are  as  follows:  area  coverage,  stem  frequency  (population  density)  by 

species,  general  plemt  height  (height  profile),  mass  by  species,  and 
various  phenological  factors  Including,  in  particular,  flowering  stages 
and  production  of  vegetative  propagules  (Table  U.2.1).  Since  universal 
standard  definitions  or  measurement  techniques  for  at  least  some  of 
these  factors  do  not  exist  (e.g.  for  poptilatlon  density,  plant  height, 
auid  biomass),  specific  definition  of  these  factors  is  subject  to  negoti- 
ation between  the  WES  and  the  contractor.  Voucher  specimens  will  be 
collected  and  housed  in  proper  facilities  hy  the  contractor  or  in  a 
herbarium  mutuaJ.ly  agreed  upon  by  the  WES  and  the  cooperating  agency. 

The  contractor  shoiild  anticipate  a requirement  for  visual  observations 
or  underwater  work  requiring  the  use  of  scuba  equipment  and  personnel. 

U.2.8U  Sampling.  Sssipling  is  done  at  least  monthly  at  each 
saBQ)llng  station. 

U.2.9  Explanation  of  Tfcble  4,2.1.  The  following  is  an  explanation 
of  the  columns  appearing  in  the  table. 
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U.2.91  Colvnnn  1.  Work  Unit.  The  "work  units”  are  groups  of 
faictors  for  which  sampling  procedures  are  sufficiently  similiar  as 
to  he  considered  for  sampling  under  a single  contract  or  hy  the  same 
field  team. 

U.2.92  Columns  2 and  3.  Factor  Family  Number  and  Name.  The 
definition  of  "factor  family"  is  given  in  pcuragraph  l.U.U. 

U.2.93  Column  U,  Factor  Name.  The  items  listed  in  this 
column,  however,  are  not  all  strictly  "factors,"  as  that  term  is  defined 
(paragraph  1.U.3).  In  some  cases,  the  factors  to  be  monitored  are  not 
yet  specifically  identified,  pending  a definition  of  available  or 
feasible  sampling  methods  and  other  considerations  subject  to  agreement 
between  the  WES  and  the  monitoring  contractor.  In  such  cases,  a 
general  term  is  listed  that  is  approximately  descriptive  of  the  phenom- 
enon for  which  specific  factors  will  be  defined.  Names  in  parentheses 
in  this  column  are  listed  as  tentative  requirements. 

U.2.9**  Column  5.  Sampling  Interval.  The  time  interval  required 
for  sampling  the  corresponding  factor  is  tentatively  determined.  The 
symbols  are  as  follows: 

— • Less  frequently  than  quarterly,  or  irregularly  as 
required. 

* • See  comments  in  column  6. 

Ho  ■ Monthly 

B1  « Bimonthly 

Qt  * Quarterly 

k.2.95  Column  6.  Data  Source  and  Comaients.  The  moat  likely 
data  aource  or  sampling  technique,  as  well  as  other  brief  comments,  is 
included. 

U.3  Control  Transects.  End  Points,  and  Data  Collection  Stations 
4.3.1  Transects.  The  VB8  has  established  a system  of  lU  control 
transects  (Figure  4.3.1)  for  the  test  area.  These  were  selected  after 
consideration  of  the  general  characteristics  of  the  area  as  revealed 
by  aerial  photographs  and  on-site  inspection.  The  following  selected 
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Figure  U.3.1  Control  transects  and  data  stations  for  Lake  Conway, 

Florida,  complex 
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transects  are  described  as  to  location  of  endpoints,  bearing,  and  length: 
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General  Location 

South  Pool  - Lake  Conway- 

South  Pool  - Lake  Conway 

Middle  Pool  - Lake  Conway 

Middle  Pool  - Lake  Conway 

Middle  Pool  - Lake  Conway 

East  Pool  - Little  Lake  Conway 

East  Pool  - Little  LaJte  Conway 

East  Pool  - Little  Lake  Conway 

East  Pool  - Little  Lake  Conway 

West  Pool  - Little  Lake  Conway 

West  Pool  - Little  Lake  Conway 

West  Pool  - Little  Lake  Conway 

West  Pool  - Little  Lake  Conway 

Lake  Gatlin 


U.3>2  End  points.  The  end  points  are  keyed  to  physical  landmarks 
or  other  permanent  reference  points  for  easy  and  consistent  field 
location. 
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U.3.21  End  point  A^.  Point  on  the  western  shore  of  Lake 
Conway,  South  Pool,  is  characterized  by  a single  white  boathouse  with  a 
flat  roof  and  an  attached  white  boat  pier.  Onshore  is  a single-story 
house  with  a white  roof. 


Figure  4.3.21 


4.3.22  End  Point  k^.  Point  A^  on  the  eastern  shore  of  Ledte 
Conway,  South  Pool,  is  identified  by  a group  of  trees  at  the  water's 
edge  with  several  house  trailers  immediately  in  the  background.  To  the 
left*  is  a yard  of  palm  trees.  To  the  right*  of  the  clump  of  trees  is 
the  back  of  a white  store. 


Figure  4.3.22 


• "Left"  and  "right"  in  these  descriptions  refer  to  the  shore  as  viewed 
frcB  the  lake. 


U.3.23  End  point  Point  on  the  southern  shore  of  Lake 

Conway,  South  Pool,  is  characterized  by  a white  boat  shed  (no  walls)  with 
a sloping  flat  roof  and  an  adjoining  white  pier.  Behind  the  boat  shed  is 
a small  gazebo  with  wood-shingle  roof.  Onshore  is  a single-story  white 
house  with  a white  roof.  To  the  left  of  the  boat  shed,  a 150-ft  white 
beach  and  a long  white  pier  are  located  at  distances  of  20  and  200  ft , 
respectively. 


Figure  U.3.23 

U.3.2U  End  point  B^.  Point  on  the  northwestern  shore  of  Lake 
Conway,  South  Pool,  can  be  identified  by  a single-story  white  house  with 
black  shutters  and  a red  tile  roof.  In  front  of  the  house  and  behind 
the  white  beach  is  a single,  large,  25-ft-tall  pine  tree  with  a white 
basketball  backboard  attached.  To  the  right  of  B^  is  a single-story 
green  house  with  a white  roof. 


Figure  U.3.2U 
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U.3.25  End  point  C^.  Point  on  the  northern  shore  of  Lake 
Conway,  Middle  Pool,  is  Identifiable  as  a double  white  boathouse  with  a 
sundeck  roof  and  a handrail  of  wooden  posts  and  two  pipe  rails.  A 10-in. 
letter  "N”  on  the  boathouse  wall  can  be  seen  between  the  two  openings. 

A small  pier  is  attached  to  the  boathouse,  and  onshore  is  a single-story 
white  house  with  a white  roof. 


Figure  I+.3.25 


U.3.26  End  point  C^.  Point  Cg  on  the  southern  shore  of  Lake 
Conway,  Middle  Pool,  is  characterized  by  a single,  light-green  boathouse 
with  a white  roof,  an  aluminum  door,  and  an  attached  covered  pier.  The 
white  beach  to  the  left  of  the  boathouse  has  a retaining  wall,  and  on- 
shore is  a single-story  green  house  with  a black  roof.  An  unpainted 
boat  house  is  to  the  left. 


Figure  U.3.26 


U.3.27  End  point  D^.  Point  on  the  southern  shore  of  Lake 
Conway,  Middle  Pool,  is  identified  by  a single  white  boathouse  with 
yellow  trim,  a flat  roof,  and  an  attached  covered  pier.  Two  porthole 
windows  are  in  the  right  wall  of  the  boathouse. 


Figure  U.3.27 

U.3.28  End  point  D^.  Point  on  the  western  shore  of  LaJte 
Conway,  Middle  Pool,  is  distinguished  by  a single* r cory  brick  (lower  1/4) 
and  cypress  (upper  j/4)  house  with  a gray  roof.  A brick  chimney  stands 
above  the  roof  line,  and  a large  mimosa  tree  is  in  the  yard.  The  yeu*d 
to  the  left  is  full  of  palm  trees. 


Figure  4.3.28 
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U.3.29  End  point  E^.  Point  E^  on  the  eastern  shore  of  Lake 
Conway,  Middle  Pool,  can  be  identified  by  a single-story,  light-gray  to 
cdjnost-vhite  house  with  a white  roof.  A Icurge  ^0-ft  pin  oak  tree  stands 
in  front  of  the  house,  and  two  tall  palm  trees  are  at  the  right  corner 
of  the  house. 


Figure  U.3.29 


U.3.2.10  End  point  Eg.  Point  Eg  on  the  northern  shore  of  Lake 
Conway,  Middle  Pool,  is  characterized  as  a white  house  with  a white  roof, 
a one-story  wing,  and  a two-story  wing.  A tall  pine  tree  to  the  right 
stands  out  on  the  shoreline. 


Figure  U.3.2.10 


U, 3.2.11  End  point  Point  on  the  southern  shore  of 

Little  Lake  Conway,  East  Pool,  is  distinguished  by  a large  three-story 
house  with  a red  tile  roof  and  3 two-story  wings. 


Figure  U. 3.2.11 


1*.3.2.12  End  point  Fg.  Point  F^  on  the  southwestern  shore  of 
Little  Lake  Conway,  East  Pool,  is  identifiable  as  a two-story  ^ite  house 
with  a black  roof  said  a single-story  attached  garage  with  a black  roof. 


Figure  ^.3.2.12 
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U. 3.2. 13  End  point  Gj^.  Point  on  the  western  shore  of 
Little  Lake  Conway,  East  Pool,  is  a lone,  tall  pine  tree  standing  taller 
than  the  forest.  A post  in  the  water  is  in  line  with  the  tree. 


Figure  U. 3. 2.13 


h.3.2.1^  End  point  Gg.  Point  Gg  on  the  southern  shore  of 
Little  Lake  Conway,  East  Pool,  is  the  tallest  pine  tree  on  the  skyline. 
A brown  boat  shed  with  a brown  roof  is  Just  to  the  right  of  the  tree. 


Figure  U.3.2.1U 
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U. 3*2. 13  End  point  H 
Little  Lake  Conway,  East  Pool 
with  an  aluminum  roof. 


Point  H,  on  the  southeastern  shore  of 


is  identified  by  a large  red  boathouse 


Point  H-  on  the  northern  shore  of  Little 


Lake  Conway,  East  Pool,  is  characterized  by  a one-story,  buff-colored 
house  with  a red  tile  roof  and  a idilte  beach  across  the  front. 


Figure  U. 3. 2.16 


U.3.2.17  End  point  Point  on  the  southern  shore  of  Little 

Lake  Conway,  East  Pool,  is  distinguished  by  a two-story  house  with  a 
wooden  shake  roof  and  a one-story  wing.  The  house  has  a two-story  garage 
attached  with  a bell  house  on  the  garage  roof. 


Figure  U. 3.2.17 

*♦.3.2.18  End  point  Ig.  Point  Ig  on  the  northeastern  shore  of 
Little  Lake  Conway,  East  Pool,  cm  be  identified  by  a two-story  house 
with  a red  tile  roof  and  a one-story  wing  on  each  side. 


Figure  U. 3.2.18 
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U.3*2.19  End  point  J^.  Point  on  the  northern  shore  of 
Little  Lake  Conway,  West  P'~'ol,  can  be  recognized  ^ a two-story  white 
house  with  a white  roof  and  a single-story  wing.  The  swisaaing  pool  in 
front  of  the  house  has  a two-story  screen  cover  that  is  attached  to  the 
house . 


Figure  U.3.2.19 


U.3.2.20  End  point  Jg.  Point  Jg  on  the  western  shore  of  Little 
Ledie  Conway,  West  Pool,  is  chareu:terized  by  a Icurge  brick  house  with  the 
upper  one-half  being  vertical  black  roofing  with  a leurge  brick  chimney. 
The  house  has  cm  attached,  screened  swimming  pool. 


4.3*2.21  End  point  Point  on  the  southwestern  shore  of 

Little  Lake  Conway,  West  Pool,  is  identified  by  a gabled  end  two-story 
apartment  building.  The  fenced  tennis  coiurts  are  Just  to  the  left  of 
the  buildings  and  a concrete  boat  ramp  is  on  the  shore. 


Flgiire  4.3.2.21 

4.3.2.22  End  point  Kg.  Point  Kg  on  the  northwestern  shore  of 
Little  Lake  Conway,  Vest  Pool,  is  distinguished  by  a double,  bright- 
green  boathouse  beside  the  public  boat-launching  ramp. 


Figure  4.3.2.22 
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U.3.2.23  End  point  Point  on  the  northeastern  shore  of 


Little  Lake  Conway,  Vest  Pool,  can  be  recognized  by  a \rtilte  boathouse 
with  a green  roof  and  an  attached  covered  pier. 


Figure  U.3.2.23 


U.3.2.2U  End  point  L^.  Point  L^  on  the  northwestern  shore  of 
Little  LaJte  Conway,  West  Pool,  is  identified  by  a double  red  boathouse 
with  a flat  roof.  A white  beach  is  behind  the  boathouse. 


Figure  U.3.2.2U 


U.3.2.25  End  point  Point  on  the  southeastern  shore  of 
Little  Lake  Conway,  West  Pool,  is  characterized  by  a double  boat  shed 
with  a tan  gravel  roof  and  a deurk-red  closed  storage  across  the  back  of 
the  boat  shed.  A covered  pier  is  attached  to  the  boat  shed. 


1*.3.2.26  End  point  Mg.  Point  Mg  on  the  southwestern  shore  of 
Little  Lake  Conway,  West  Pool,  is  identifiable  as  the  gabled  end  of  an 
apartment  building  that  can  be  seen  Just  to  the  right  of  the  fenced 
tennis  co\irts. 


HP 

W 

U.3.2.27  End  point  N^.  Point  on  the  southern  shore  of  Lake 
Gatlin,  is  distinguished  by  a single-story,  white  concrete  block  house 
with  a black  roof.  A 25-ft-high  flagpole  is  in  the  center  of  the  yard. 


1».3.2.28  End  point  N^.  Point  on  the  northern  shore  of  Lake 
Gatlin,  cem  be  recognized  by  a white  storage  shed  with  a white  gable 
roof  on  the  water's  edge. 


Figure  U.3.2.28 


*♦.3. 3 Data  collection  stations.  Eleven  permanent  stations  have 
been  established  at  selected  points  along  the  transects  (Figure  U.3.I) 
and  are  identified  as  follows: 

Control  Data  Approximate  Distance  From  Desig- 
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These  are  designated  as  control  data  stations  and  will  provide  reference 
points  for  locating  sampling  points  used  throughout  the  period  of  the 
LSOMT.  In  addition,  supplementary  data  stations  may  be  established 
either  temporarily  or  permanently  for  collecting  specled.  data,  such  as 
water-quality  data  at  the  mouth  of  feeder  streams.  All  sampling  points 
used  at  every  sampling  interval  will  be  referenced  on  a blank  map  (Fig- 
ure U.3.3)  provided  hy  the  WES,  to  be  submitted  with  the  data  to  the  WES. 
The  addition  of  necessary  data  stations  to  the  original  basic  net  will 
be  accoaqplished  by  the  participant.  The  location  of  these  additional 
data  stations  vlU  also  be  marked  on  the  blank  map  and  forwarded  to  the 
WES  as  part  of  the  required  periodic  data  report  (paragraph  U.1.2). 
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5.0  DATA  MAMAGEMENT 

5.1  General.  As  a central  clearing  house  for  all  data,  the  WES  will 
receive  all  collected  data  and  maintain  a data  storage  and  processing 
system.  This  system  will  be  computerized  and  will  Include  manipulative 
and  analytical  capabilities. 

5.2  Data  Formats.  To  ensure  t^t  all  data  generated  In  the  program 
are  compatible  with  the  storage  auid  processing  system,  each  contractor 
is  required  to  sutanit  to  the  WES  an  example  of  the  data  collection  forms 
he  proposes  to  use.  Upon  receipt  of  these  forms,  the  WES  will  review 
and  accept  or  modify  them  as  required  for  system  compatibility.  Any 
required  revisions  will  be  coordinated  with  the  contractor. 

5.3  Centralization  and  Dissemination.  Each  contractor  is  required  to 
periodically  submit  to  the  WES  copies  of  the  collected  data  in  the  proper 
format  for  dissemination  to  other  particlpeints.  Data  presentation  for- 
mats are  decided  upon  by  the  contractors  and  the  WES  personnel.  Ccan- 
puter  programs  will  be  developed  by  the  WES  for  providing  tabulations, 
plots,  maps,  or  other  summaries  of  the  data  to  any  participating 
scientist,  as  appropriate.  Data  analysis,  l.e.  correlation  and  trend 
analyses,  etc.,  will  be  performed  by  the  respective  contractors,  in- 
cluding the  WES  scientists.  In  some  instances,  analyses  may  be  per- 
formed on  the  WES  computer  by  the  WES  data  management  personnel,  but  at 
the  request  of  the  participating  scientist. 
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6.0  EXTRAPOIATIOM  AND  MANAGEMENT  IMPLICATIONS  OF  TEST  RESULTS 

6.1  Empirical  Extrapolations 

6.1.1  The  data  collected  during  this  test  program  will  be  used  to 
establish  the  responses  of  various  parts  of  the  aquatic  ecosystem  In 
vhlch  the  test  will  be  conducted.  The  majority  of  these  relations  vlll 
depict  the  time-dependent  responses  of  the  measured  parameters  (section 
U.O).  In  addition,  subsequent  analysis  vlll  be  directed  toward  the 
determination  of  the  Interactions  of  the  system  components. 

6.1.2  After  a sufficient  amoiint  of  data  has  been  collected  to 
establish  the  various  system  responses,  the  results  can  be  extrapolated 
to  other  aquatic  ecosystems.  To  accomplish  this  in  any  meaningful  way, 
the  similarity  of  the  test  site  to  the  site  where  the  test  results  are 
to  be  extrapolated  must  be  established.  The  sites  must  be  characterized 
in  terms  of  the  pertinent  environmental  parameters  that  are  sensitive  to 
change.  The  design  of  the  data  collection  program  for  this  LSQMT  in- 
corporates this  type  of  data.  However,  it  is  anticipated  that,  after 
analysis  of  the  baseline  data,  additional  parameters  will  be  identified 
that  vlll  have  to  be  incorporated  into  the  data  collection  program. 
Hopefully,  these  requirements  for  additional  data  will  be  minimal. 

6.1.3  The  extrapolations  based  on  the  empirical  data  will  not  be 
applicable  to  all  aqtiatic  ecosystems  having  problems  with  submersed 
plants,  even  within  the  State  of  Florida.  After  the  necessary  pertinent 
parameters  have  been  ccmipared,  the  range  of  variation  of  many  of  these 
may  well  be  Judged  to  be  too  great  to  place  another  ecosystem  in  the 
class  of  Lake  Ck>nvAy.  It  is  believed  that  prediction  models  will 
provide  an  analytical  framework  that  will  enable  scientists  to  extend 
the  test  results  to  other  ecosystems  having  widely  variant  conditions 
from  those  characterized  at  Lake  Conway. 

6.2  Model  Extrapolations.  In  addition  to  being  used  for  post  facto 
analyses,  the  collected  data  will  be  used  to  develop  and  validate  eco- 
system models.  Such  models  are  an  essential  aspect  of  the  LSOMT  concept. 
They  will  serve  two  purposes.  First,  they  will  provide  the  necessary 
means  for  predicting  when  the  test  treatment  has  been  optimized.  This 
is  aeeaaq>llshed  by  extrapolating  the  correlation  and  trend  analyses  to 
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predict  whether  or  not  the  population  of  irtilte  amiir  shoxild  he  sustained. 
Increased,  or  decreased,  euid  whether  other  supplemental  data  collection 
should  he  Introduced,  or  whether  existing  data  should  he  discontinued  or 
the  frequency  of  collection  modified.  Second,  they  will  have  the  neces- 
sary capability  for  extrapolating  Identified  cause-effect  relations  frcmi 
the  specific  test  area  to  other  ecosystems  where  similarities  and  dis- 
similarities with  the  test  area  are  known  and  In  which  plant  growth 
control  prohlems  are  similar  to  those  In  the  test  area. 

6.2.1  Ecosystem  model 

6.2.11  One  of  the  models  being  developed  simulates  the  relations 
among  the  various  components  of  the  aquatic  ecosystem.  Although  the 
model  Is  intended  to  eventually  he  of  a general  nature,  the  present 
development  Is  directed  specifically  to  Lake  Conway,  Florida.  To  date, 
the  formulation  of  this  model  Is  based  on  Information  existing  In  the 
literature  as  well  as  some  previously  collected  data  on  Lake  Conway.  As 
the  LSOlcr  data  collection  program  progresses,  these  data  will  he  used  in 
the  development  and  final  formulation  of  the  model.  The  model  considers 
the  following  components  present  and  their  response  to  the  presence  of 
the  white  amur: 

6.2.111  Hydrilla 

6.2.112  Periphyton 

6.2.113  Hative  submersed  plants 

6.2.UU  Native  fish 

6.2.113  Total  dissolved  phosphorus 

6.2.116  Detritus 

6.2.12  As  more  data  become  available  through  the  data  collection 
program  and  the  model  is  refined,  simulations  for  Lake  Conway  will  he 
conducted  periodically  to  study  the  system's  responses  to  the  presence 

of  various  proposed  stocking  levels  of  white  amur.  These  simulations 
along  with  the  baseline  data  collected  and  results  from  the  stocking 
model  will  be  used  to  determine  the  stocking  size  and  number  of  white 
amur  to  be  placed  in  the  Lake  Conway  system. 

6.2.2  Stoekinic  model 

6.2.21  In  the  design  of  the  overall  experiment,  it  was  apparent 


that  one  basic  question  had  to  be  euisvered  as  soon  as  possible.  That 
is:  "How  many  white  amvir  of  what  individual  size  must  be  stocked  in 

Lake  Conway  to  effect  some  level  of  control?”  This  leads  to  the  more 
basic  question  of  "How  does  one  determine  the  proper  stocking  size  and 
numbers?"  Following  the  general  rationale  that  the  end  objective  in 
stocking  the  fish  is  to  achieve  an  acceptable  level  of  long-term  weed 
control  in  sone  near  future  time  frame,  a model  has  been  developed. 

This  model  requires  as  input  the  following  ecosystem  parameters:  water 

temperature,  species  of  weed(s)  present,  total  siirface  acres  of  water, 
percent  infestation  of  weeds,  average  depth  of  Infested  area,  weight  per 
unit  volume  of  plant  material,  initial  individual  weight  of  the  fish, 
number  of  fish  to  be  stocked,  and  maximum  time  Interval  within  which  a 
level  of  weed  control  is  desired.  At  present,  the  model  contains  re- 
lations that  consider: 

6.2.211  The  particular  plant  species  growth  with  time  in 
terms  of  biosuss. 

6.2.212  The  conversion  of  plant  biomass  to  fish  flesh  as  a 
function  of  fish  size. 

6.2.213  Weight  gain  per  fish  for  a selected  time  interval 
as  a function  of  fish  size. 

6.2.21U  Loss  rate  of  fish  due  to  predation  as  a function 

of  fish  size. 

6.2.21$  Loss  rate  of  fish  due  to  natural  causes  as  a 
function  of  fish  size. 

6.2.216  The  efficiency  of  the  fish  as  affected  by  the 
necessity  to  cruise  for  food  as  a function  of  amount  of  plant  biomass 
rssMining. 

6.2.22  Generally,  the  model  performs  the  necessary  calculations 
over  an  increment  of  0.1  year,  cycling  alternately  betweeii  the  plant 
growth  relations  and  the  fish  growth  and  activity  relations.  The  out- 
puts provided  as  a result  of  sudcing  the  calculations  over  a specified 
length  of  time  include: 

6.2.221  Plant  biomass  as  a function  of  time. 
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6.2.222  Weight  of  an  individual  fish  as  a function  of 

time. 

6.2.223  Number  of  fish  as  a fur.otion  of  time. 

6.2.22k  Total  weight  of  the  fish  population  as  a function 

of  time. 

6.2.23  At  present,  the  shape  emd  magnitude  of  the  relations 
used  in  the  model  are  based  on  data  available  in  the  literature  and 
previous  studies  conducted  by  other  agencies.  In  euldition,  a sensi- 
tivity analysis  is  being  conducted  to  determine  how  each  relation  in- 
fluences the  characteristics  euid  response  of  the  outputs.  Although  new- 
found data  are  continually  being  used  to  substantiate  the  relations  in 
the  model,  the  data  requirements  for  confirming  the  relations  will  be 
much  better  identified  after  the  sensitivity  analysis  is  completed. 
Obviously,  present  data  gaps  are  already  distinguished,  but  until  a 
ranking  of  sensitivity  is  established,  no  priority  can  be  established 
for  the  initiation  of  laboratory  or  small-scale  studies  needed  to  gen- 
erate the  needed  data. 

6.3  Management  Implications 

6.3.1  The  overall  objective  of  the  LSO^f^  is  to  determine  if  the 
white  amur  is  an  operationally  feasible  weed  control  tool.  Feasibility 
in  the  context  of  the  I£(MT  is  meant  to  imply  that  the  use  of  the  fish 
is  practical.,  economically  acceptable,  and  environmentally  compatible. 
The  modeling  results,  as  wall  as  the  empirical  relations  established 
from  the  results  of  the  data  collection  program,  will  have  a direct 
bearing  on  the  eventual  operational  aspects  of  the  program.  From  an 
operational  standpoint,  there  eventiuilly  must  be  a management  program 
for  continual,  operational  maintenance  of  the  white  amur  to  ensure  con- 
tinued weed  control  wherever  it  is  established.  This  research  is  in- 
tended to  provide  operations  managsaient  with  the  information  necessary 
to  determine: 

6.3.11  Lakes  and  streams  that  are  amenable  to  plant  control 
using  the  white  amur. 

6.3.12  Restocking  requirements,  if  any,  that  are  necessary  to 
maintain  any  partictULar  system  at  a desired  level. 


6.3.13  The  type  and  number  of  facilities  required  to  maintain 

a sufficient  supply  of  fish  to  support  a state-wide  weed  control  program. 

6.3.14  The  manpower,  equipment  requirements,  and  logistic 
problems  of  sustaining  such  a weed  control  program. 

6.3.15  Permit  regulation  requirements  for  proper  compliance 
with  governing  state  agencies. 

6.3.16  Requirements  for  periodic  monitoring  of  established 

systems . 

6.3.2  Once  the  models  have  been  validated,  the  test  results  from 
Lake  Conway  can  be  extrapolated  to  other  conditions.  These  extrapola- 
tions will  be  used  in  the  development  of  an  engineering  manual  for  the 
operative  use  of  the  white  amur  as  a method  of  weed  control.  In  addition, 
the  models  will  be  available  to  the  operations  management  personnel. 

These  models  will  enable  them  to  rapidly  decide  on  the  stocking  rate 
based  on  expected  long-term  effects  on  the  ecosystem. 

6.3.3  The  reqxiirement  for  environmental  impact  assessments  (EIA's) 
and  statements  (EIS*s)  are  well  known,  and  shoiild  the  white  amur  be  used 
in  a coaq;>rebensive  state-wide  operational  weed  control  program,  an  EIS 
vlU  pxrobably  have  to  be  prep>ared.  The  validated  models  will  enable  the 
user  to  extend  the  Lake  Conway  test  results  to  include  a majority  of  the 
aquatic  environments  and,  therefore,  provide  a sovmd  basis  for  rapidly 
preparing  the  required  EIS. 
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